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Abstract
The continuum structure of the unbound system 10Li, inferred from the 9Li(d, p)10Li transfer reaction, is reexamined. Experimental
data for this reaction, measured at two different energies, are analyzed with the same reaction framework and structure models. It
is shown that the seemingly different features observed in the measured excitation energy spectra can be understood as due to the
different incident energy and angular range covered by the two experiments. The present results support the persistence of the N = 7
parity inversion beyond the neutron dripline as well as the splitting of the well-known low-lying p-wave resonance. Furthermore,
they provide indirect evidence that most of the ` = 2 single-particle strength, including possible d5/2 resonances, lies at relatively
high excitations energies.
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1. Introduction
Understanding the nuclear shell evolution as a function of
the proton-neutron asymmetry is one of the major goals in nowa-
days nuclear physics. Within this broad and ambitious program,
the N = 7 isotopic chain has received much attention both ex-
perimentally [1–21] and theoretically [22–30]. The 10Li system
represents a prominent member of this chain, due to its peculiar
features. First, it is the first unbound N = 7 isotone, following
the weakly-bound 11Be nucleus. Second, several experiments
[4, 11, 31] suggest that its ground state consists of an ` = 0
virtual state, followed by a narrow p-wave resonance, whose
energy sequence would point toward a persistence of the parity
inversion observed in 11Be. Finally, an accurate knowledge of
the 10Li system is crucial for a proper understanding of the 11Li
nucleus, the archetypal three-body Borromean nucleus.
Despite this interest, and the extensive experimental and
theoretical efforts, important questions regarding the structure
of 10Li remain unanswered. Due to the non-zero spin of the
9Li core, the s-wave and p-wave structures are expected to split
into (1−, 2−) and (1+, 2+) doublets, respectively. However, these
doublets have not yet been clearly identified experimentally. In
particular, it is unclear whether the prominent peak observed in
several experiments [12, 14, 20], and identified with the p1/2
resonance, corresponds to the centroid of the (unresolved) dou-
blet or just to one of its members, with the other component
being pushed at higher excitation energies.
In the case of the s1/2 virtual state, the situation is less
clear. Experimentally, its presence was inferred from the nar-
row width of the momentum distribution in one-proton and one-
neutron removal experiments of energetic 11Be and 11Li beams
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on a carbon target [31]. Another experimental evidence came
from the measurement of the relative velocity distribution be-
tween the 9Li and the neutron resulting from the decay of 10Li
produced after the collision of a 18O beam on a 9Be target [4].
This relative velocity was found to peak at zero, which is con-
sistent with an ` = 0 configuration for the 10Li ground-state.
The search for this virtual state has been also pursued with
transfer experiments. For example, the excitation function ex-
tracted for the reaction 9Li(d,p)10Li measured at E = 2.4 MeV/u
at REX-ISOLDE exhibited an excess of strength at zero energy
which was consistent with a virtual state with a (negative) scat-
tering length of the order of 13-24 fm [11]. However, a more
recent experiment for the same transfer reaction performed at
TRIUMF at a higher incident energy [20] did not show any in-
dication of such near-threshold structure, putting into question
its very existence.
The situation regarding the presence of one or more d5/2
low-lying resonances is even more controversial. Evidence of
such a resonance at Er ∼ 1.5 MeV has been reported in a frag-
mentation experiment of 11Li on 12C performed at GSI [12], and
supported by the theoretical analysis of Blanchon et al. [26].
The excitation function extracted from the 9Li(d,p)10Li reac-
tion [20] displayed also a small bump at Er = 1.5 MeV, but the
theoretical analysis performed in that work pointed towards an
s-wave dominance. However, a second bump at Er = 2.9 MeV
was observed in this experiment with significant d5/2 content.
In the present work, we reexamine the problem of the 10Li
continuum, by presenting a joint and consistent analysis of the
9Li(d, p)10Li reactions measured at REX-ISOLDE [11] and TRI-
UMF [20], using in both cases the same reaction framework
and structure models. From this analysis, we conclude that both
measurements can be described consistently using the same mo-
del for the n-9Li interaction, which has also been able to suc-
cessfully reproduce experimental data for 11Li(p, d)10Li [32]
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and 11Li(p, pn)10Li [33].
This work is organized as follows. In Sec. 2 the details of
the reaction framework and the structure models used are pre-
sented. In Sec. 3, the results of the calculations are shown and
compared to experimental data, focusing on the compatibility
of the data from [11] and [20] and on the possible existence of
a low-energy d-wave resonance. Finally, in Sec. 4 the summary
and conclusions of this work are detailed.
2. Details of the calculations
2.1. Reaction framework
To describe the 9Li(d,p)10Li reaction, we employ the Trans-
fer to the Continuum (TC) formalism [11, 34], which is based
on the prior-form transition amplitude for unbound final states.
Denoting this reaction as A(d, p)B, this transition amplitude is
expressed as:
Ti f = 〈Ψ(−)f (~R ′,~r ′)|VnA + UpA − UdA|φd(~r)χ(+)dA (~R)〉, (1)
where A and B denote in our case the 9Li and 10Li systems, UpA
and UdA are optical potentials for the p-A ad d-A systems, re-
spectively and VnA is the interaction describing the 10Li contin-
uum. The function χ(+)dA is the distorted wave generated by the
optical potential UdA and Ψ
(−)
f (~R
′,~r ′) is the exact three-body
wave function for the outgoing p+n+9Li three-body system,
with ~r ′ and ~R ′ denoting the n-9Li and p-10Li relative coordi-
nates, respectively. The ± superscripts refer to the usual in-
coming or outgoing boundary conditions. The wave function
Ψ
(−)
f (~R
′,~r ′) is the time-reversed of Ψ(+)f (~R
′,~r ′), which satisfies
the three-body equation:
[Tˆ~R ′ + Tˆ~r ′ + Vpn + UpA + VnA − E]Ψ(+)f (~R ′,~r ′) = 0, (2)
with Tˆ~R ′ and Tˆ~r ′ representing the kinetic energy operators as-
sociated, respectively, to the p+10Li and n+9Li relative mo-
tion, and E the total energy of the system. To solve the latter
equation, the wavefunction Ψ(−)f (~R
′,~r ′) is expanded in n+9Li
states with well-defined energy and angular momentum, as in
the continuum-discretized coupled-channels (CDCC) method
[35]. Therefore, for each total angular momentum and parity
of the 10Li system (Jpi), the n+9Li continuum is discretized in
energy bins. Denoting each of these 10Li discretized states by
ψi,J,MB (ξA,~r
′) = [φI(ξA) ⊗ ϕi,`, j(~r ′)]JM , where φI(ξA) is the core
(9Li) internal wavefunction with intrinsic spin I and ϕi,`, j(~r ′)
the neutron-9Li relative wavefunction, the CDCC-expansion of
the final wavefunction can be written as
Ψ
(−)
f (~R
′
i ,~r
′) '
∑
i,Jpi
χi,Jpi (~K ′i , ~R
′)ψi,J,MB (ξA,~r
′), (3)
where ~K ′i is the final momentum of the outgoing proton in the
CM frame for a particular final (discretized) state i of the n+9Li
system. Inserting the expansion (3) into the Schro¨dinger equa-
tion (2) gives rise to a set of coupled differential equations for
the unknown functions χi,Jpi (~K ′i , ~R
′). These calculations were
performed with the code FRESCO [36].
2.2. 10Li structure models
A key input of the present calculations is the 10Li struc-
ture model which, within the two-body model assumed here, is
specified by the n+9Li interaction. In the original analysis of
9Li(d, p)10Li data performed in [11], a simple Gaussian inter-
action was adopted, with central and spin-orbit terms, whose
strengths were adjusted to give a near-threshold virtual state
(` = 0) and a p-wave resonance at Er ∼ 0.4 MeV. The spin
or the 9Li was ignored and higher waves were not considered.
Although this simple model provided a satisfactory descrip-
tion of the data from that work, in our recent analysis of the
11Li(p, pn)10Li reaction [32] it was shown that a proper de-
scription of the 10Li excitation energy profile required the in-
clusion of a more realistic model, including the 9Li spin which,
due to the spin-dependent interaction with the valence neutron,
gives rise to a splitting of the s-wave virtual state and p-wave
resonance into 1−/2− and 1+/2+ doublets, respectively. The
adopted model, referred to as P1I, was also found to provide
a robust description of the 11Li(p, d)10Li transfer reaction [33].
Here, we will consider the same model to describe, simultane-
ously, the 9Li(d, p)10Li experimental data from Refs. [11, 20].
Our parametrization, based the shallow potential in Ref. [37],
consists of `-dependent central, spin-orbit and spin-spin com-
ponents,
V`nA(r) = V
`
c (r) + V
`
so-v(r)~` · ~sn + V`so-c(r)~` · ~I + V`ss(r)~sn · ~I, (4)
where ~sn and ~I are the intrinsic spins of the valence neutron
and the 9Li core, respectively. We use Gaussian shapes for
the radial functions, V`i (r) = v
`
i exp [− (r/R)2], with R fixed to
2.55 fm. As discussed in Ref. [32], the depths v0c and v
0
ss are
chosen so that only the 2− state in the s-wave doublet exhibits
a marked virtual-state character. For the p waves, v1so-v is fixed
to a large positive value to suppress the p3/2 Pauli forbidden
states. Then, the depth of the central potential v1c is adjusted to
give the 1+/2+ centroid around 0.5 MeV, and v1ss, v
1
so-c are used
to produce a small p−wave splitting with the 1+ resonance at
lower energy than the 2+. With this choice, our level sequence
is analogous to that in Ref. [22]. Our final set of parameters is:
v0,1c = −5.4, 260.75 MeV, v0,1ss = −4.5, 1.0 MeV, v1so-v = 300.0
MeV and v1so-c = 1.0 MeV. Note that the P1I model, as orig-
inally devised in Refs. [32, 33], has no ` = 2 term. We will
discuss about d-waves in Sec. 3.1.
In order to illustrate the importance of the splitting due to
the spin of 9Li, we consider also a model which does not con-
sider explicitly the 9Li spin (I = 0) and includes only central
and spin-orbit terms, i.e.,
V`nA(r) = v
`
c f (r,R, a) + v
`
so-v
1
r
d f (r,R, a)
dr
~` · ~sn, (5)
where the depths are given by v0,1c = −50.5, −39.0 MeV, v1so-v =
40.0 MeV fm2 and the radial factors f (r,R, a) are of Woods-
Saxon type and use the parameters R = 2.642 fm and a = 0.67
fm. This corresponds to the ` = 0, 1 part of the potential re-
ferred to as P3 in Refs. [32, 33].
2
3. Numerical results
We present first calculations using the 10Li model without
9Li spin using the parameters of the potential P3 introduced
in the previous section. In Fig. 1 we show the excitation en-
ergy functions of 10Li from the 9Li(d, p)10Li experiments of
Refs. [11] and [20] at E = 2.36 MeV/u (top) and E = 11.1 MeV/u
(bottom), respectively. The data are compared with reaction
calculations using the TC formalism outlined in the previous
section. For the E = 2.36 MeV/u case, we adopt the same
deuteron and proton optical potentials used in the calculations
of Ref. [11]. For the E = 11.1 MeV/u case, we employ the
deuteron potential from the Perey and Perey compilation [38]
and the proton optical potential from the global parametrization
of Koning and Delaroche [39]. Note that the calculations are
integrated over the angular range covered by each experiment
(indicated in the labels), and convoluted with the corresponding
experimental resolution, using Gaussians with FWHM=250 keV
and FWHM=200 keV for the REX-ISOLDE and TRIUMF data,
respectively. In the lower energy case, the excitation function is
multiplied by the acceptance function [11], which converts the
calculated cross section into counts per energy interval. This
acceptance falls quickly to zero as the excitation energy in-
creases (i.e., decreasing proton energy) vanishing for excitation
energies above ∼1 MeV and thus has an important impact on
the information that can be extracted from these data. In par-
ticular, any hypothetical d-wave resonance, predicted theoreti-
cally [22, 40] and suggested experimentally [12], would not be
visible in these data.
In each panel of Fig. 1 we show the separate ` = 0 (s1/2)
and ` = 1 (p1/2) contributions, as well as their sum. In the
case of the REX-ISOLDE data, it is seen that the calculations
reproduce rather well the excitation function. The inclusion of
the ` = 0 virtual state is essential to account for the excess of
strength near zero energy, whereas the ` = 1 resonance con-
tributes mainly to the peak at Ex ∼ 0.4 MeV. These results are
in accord with the conclusions of Ref. [11].
Regarding the TRIUMF data (Fig. 1b), the excitation energy
function is dominated by prominent peak at Ex ∼ 0.45 MeV
followed by a flatter contribution extending to higher excita-
tion energies. Our calculations indicate that the peak is almost
exclusively due to the ` = 1 resonance, whereas the virtual
state gives an almost negligible contribution in the whole en-
ergy range. These results are in agreement with those reported
in the original analysis of Ref. [20]. For excitation energies
above ∼ 1 MeV the calculations underestimate the data, which
might might be due to the contribution of higher (` > 1) waves
of the 10Li continuum. This will be considered in the following
section.
Although the calculations shown in Fig. 1b provide a rea-
sonable account of the resonant peak observed in the TRIUMF
data, the predicted energy profile is found to overestimate the
height of this peak and exhibits a narrower shape. A possible
reason for this discrepancy is the omission of the 9Li spin in the
P3 model which, as noted before, will naturally lead to a frag-
mentation of the single-particle resonances into spin multiplets.
To examine the influence of this fragmentation on the data, we
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Figure 1: (Color online) Excitation energy spectrum for 9Li(d,p)10Li at E =
2.36 MeV/u (top) and E = 11.1 MeV/u (bottom). The data from Refs. [11, 20]
are compared with TC calculations using the structure model P3 (see text),
including only s and p waves. Calculations are folded with the experimental
energy resolution for each reaction.
have repeated the calculations using the P1I model given by
Eq. (4), which accounts for this splitting in a phenomenological
way. In Fig. 2, the TC calculations based on this 10Li model are
compared with the data from the two considered experiments.
In the case of the REX-ISOLDE data, the results are very sim-
ilar to those obtained with the P3 model, indicating that these
data are not sensitive to this single-particle fragmentation. This
is partly due to the limited energy resolution and the low statis-
tics of these data. The situation is different for the TRIUMF
data. In this case, the splitting of the p1/2 resonance results in
a broadening of the resonant peak and a reduction of its mag-
nitude, improving the agreement with the data. Note that the
contribution of the ` = 0 wave remains negligible with the new
potential.
The seemingly different role played by the s-wave contin-
uum in the two reactions seems to lead to conflicting results
regarding the structure of the 10Li continuum. The difference
can be however understood by looking at the corresponding an-
gular distributions. This is illustrated in Fig. 3, where the calcu-
lated angular distributions (using the P1I model) are plotted for
the two energies. The shaded regions correspond to the angu-
lar range used for the extraction of the experimental excitation
functions. From the upper panel of this figure, it becomes ap-
parent that, for the angular range spanned by the REX-ISOLDE
experiment, [11] the s- and p-wave contributions are of similar
magnitude, and hence both contributions are visible in the ex-
citation energy spectrum. Interestingly, for this incident energy
3
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Figure 2: (Color online) Same as Fig. 2, but using the 10Li model P1I (see
text), which includes the spin of the 9Li core.
the calculations predict a negligible contribution of the s-wave
for θc.m. < 60◦. In the case of the TRIUMF experiment (bot-
tom panel), the measured angular distribution corresponds to
small angles which, according to the present calculations, are
largely dominated by the p-wave contribution. This result ex-
plains why the analysis of Ref. [20] did not find any evidence
of the low-lying s-wave strength in these data.
3.1. Evidence for d-wave resonances
The comparison of Fig. 2 show a clear underestimation of
the data from Ref. [20] for excitation energies above ∼2 MeV.
This might be due to additional contributions from the 10Li
continuum, with the ` = 2 wave being a natural candidate.
Guided by previous experimental evidences and theoretical pre-
dictions pointing toward the existence of one or more low-lying
` = 2 resonances, we have performed additional calculations at
E = 11.1 MeV/u, including ` = 0, 1, 2 waves. It must be noted,
however, that the P3 and P1I models adopted in this work were
developed in Ref. [32] making use only of ` = 0, 1 waves and,
owing to their phenomenological nature, do not provide an ob-
vious extension to ` > 1 waves. In this same spirit, we have
performed additional TC calculations based on these P3 and
P1I models, including also a ` = 2 component with the same
geometry as the ` = 0, 1 parts, but with the strengths adjusted
to produce resonances at several excitation energies.
The results are shown in Figs. 4 and 5 for the extended P3
and P1I models, respectively. In Fig. 4a, the strength of the d-
wave is adjusted to produce a d5/2 resonance at Ex = 4.5 MeV.
Below Ex = 2 MeV, the d-wave does not contribute but, above
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Figure 3: (Color online) Differential angular distributions for 9Li(d, p)10Li at
E = 2.36 MeV/u (top) and E = 11.1 MeV/u (bottom) integrated up to an exci-
tation energy of Ex = 1 MeV. The shaded areas highlight the angular regions
used in the experiments of Refs. [11] and [20] to extract the excitation energy
function. The inset of the bottom panel shows a zoom on the experimental
angular region.
this energy, it produces a steady increase of the cross section,
which is not consistent with the trend of the data. We have
considered also the case of a d5/2 resonance at Ex = 1.5 MeV,
following the suggestions of Refs. [12, 26]. In this case, as
shown in Fig. 4b, the excitation function is dominated by a pro-
nounced resonant peak at the nominal energy of the resonance,
which is clearly incompatible with the data. It is interesting
to note that this model gave a reasonable account of the 9Li+n
decay spectrum from the one-neutron removal data for the re-
action 11Li(p, pn) according to the analysis performed in [33]
(potential P5 in that reference). The results of the present work
strongly suggest that the aforementioned agreement was prob-
ably fortuitous.
Regarding the calculations based on the extended P1I mo-
del, we show the results in Fig. 5. For the ` = 2 interaction, we
have kept the same geometry as for ` = 0, 1, varying the depth
of the central part for ` = 2 in order to produce different spectra
for 10Li. In panel a), the interaction has been adjusted to give
a reasonable reproduction of the high energy tail of the exper-
imental data, resulting in a broad resonance-like structure for
the 4− wave at 6 MeV, consistent with prediction of Ref. [22].
In panel b) the interaction has been adjusted to produce a reso-
nance at 3.9 MeV for the 4− wave. As can be seen in the figure,
for this latter model, the cross section is severely overestimated
in the area of the resonance.
It is worth noting that the type of resonances considered
here are of single-particle nature. Consideration of additional
degrees of freedom, such as pairing and core excitations, might
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Figure 4: (Color online) Excitation energy function for the 9Li(d, p)10Li re-
action at E = 11.1 MeV/u. Experimental data from [20] are compared with
TC calculations omitting the 9Li spin, using an extended P3 model with an
hypothetical d5/2 resonance at: a) Ex = 4.5 MeV and b) Ex = 1.5 MeV.
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Figure 5: (Color online) Same a Fig. 4, but for an extended P1I model includ-
ing d5/2 waves for the 10Li continuum. In panel a) the d-wave model results in
a broad resonance-like structure with a peak at 6 MeV for the 4− component,
while panel b) corresponds to a 4− resonance at 3.9 MeV. For clarity, the four
contributions (1−, 2−, 3−, 4−) arising from the coupling of the d5/2 configuration
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give rise to more complicated, many-body resonances [27, 40–
42]. Although our calculations do not completely rule out the
existence of this type of resonances in the explored 10Li con-
tinuum, they strongly suggest that the majority of the ` = 2
strength is concentrated at higher excitation energies.
4. Summary and conclusions
In summary, we have performed a joint analysis of the data
from two 9Li(d, p)10Li experiments at E = 2.4 MeV/u (REX-
ISOLDE) and E = 11.1 MeV/u (TRIUMF), populating the
low-lying continuum of 10Li. To that end, we have employed
the transfer-to-the-continuum reaction framework and several
10Li structure models, finding that both experiments can be de-
scribed with the same 10Li model. These calculations show that,
for the lower energy experiment, the s-wave virtual state in 10Li
plays a key role, and is essential to explain the near-threshold
strength. By contrast, for the higher energy experiment, the ex-
citation energy below Ex < 1 MeV is largely dominated by the
p1/2 resonance. The different importance of the s-wave virtual
state can be explained considering the different angular ranges
covered by the two experiments. Furthermore, the comparison
of the calculations with the low-energy peak of the TRIUMF
data suggests the fragmentation of the p1/2 resonance into 1+
and 2+ components arising from the coupling with the 9Li spin.
Finally, exploratory calculations performed for the data at
E = 11.1 MeV/u with extended 10Li models including ` = 2
continuum clearly indicate that these data are not consistent
with the presence of a significant d5/2 strength below Ex <
4 MeV. In particular, if d-wave resonances are present within
this energy range, they are likely to consist of multichannel res-
onances rather than single-particle states.
Acknowledgements
We are grateful to Manuela Cavallaro and Karsten Riisager
for useful discussions on the experimental data and their in-
terpretation. This project has received funding from the Span-
ish Government under project No. FIS2014-53448-C2-1-P and
FIS2017-88410-P and by the European Unions Horizon 2020
research and innovation program under grant agreement No.
654002.
References
References
[1] R. A. Kryger, et al., Phys. Rev. C 47 (1993) R2439. doi:10.1103/
PhysRevC.47.R2439.
[2] B. M. Young, et al., Phys. Rev. C 49 (1994) 279. doi:10.1103/
PhysRevC.49.279.
[3] T. Nakamura, et al., Phys. Lett. B 331 (1994) 296. doi:10.1016/
0370-2693(94)91055-3.
[4] M. Thoennessen, et al., Phys. Rev. C 59 (1999) 111. doi:10.1103/
PhysRevC.59.111.
[5] J. A. Caggiano, et al., Phys. Rev. C 60 (1999) 064322. doi:10.1103/
PhysRevC.60.064322.
[6] L. Chen, et al., Phys. Lett. B 505 (2001) 21. doi:10.1016/
S0370-2693(01)00313-6.
5
[7] P. Santi, et al., Phys. Rev. C 67 (2003) 024606. doi:10.1103/
PhysRevC.67.024606.
[8] R. Palit, et al., Phys. Rev. C 68 (2003) 034318. doi:10.1103/
PhysRevC.68.034318.
[9] N. Fukuda, et al., Phys. Rev. C 70 (2004) 054606. doi:10.1103/
PhysRevC.70.054606.
[10] G. V. Rogachev, et al., Nucl. Phys. A 746 (2004) 229. doi:10.1016/j.
nuclphysa.2004.09.036.
[11] H. B. Jeppesen, et al., Phys. Lett. B 642 (2006) 449. doi:10.1016/j.
physletb.2006.09.060.
[12] H. Simon, et al., Nucl. Phys. A 791 (2007) 267. doi:10.1016/j.
nuclphysa.2007.04.021.
[13] N. C. Summers, et al., Phys. Lett. B 650 (2007) 124. doi:10.1016/j.
physletb.2007.05.003.
[14] Y. Aksyutina, et al., Phys. Lett. B 666 (2008) 430. doi:10.1016/j.
physletb.2008.07.093.
[15] T. Al Kalanee, et al., Phys. Rev. C 88 (2013) 034301. doi:10.1103/
PhysRevC.88.034301.
[16] E. Kwan, et al., Phys. Lett. B 732 (2014) 210. doi:10.1016/j.
physletb.2014.03.049.
[17] A. Sanetullaev, et al., Phys. Lett. B 755 (2016) 481. doi:10.1016/j.
physletb.2016.02.060.
[18] Y. B. Gurov, et al., Phys. Atom. Nucl. 79 (2016) 525. doi:10.1134/
S1063778816040116.
[19] E. Uberseder, et al., Phys. Lett. B 754 (2016) 323. doi:10.1016/j.
physletb.2016.01.014.
[20] M. Cavallaro, et al., Phys. Rev. Lett. 118 (2017) 012701. doi:10.1103/
PhysRevLett.118.012701.
[21] V. Pesudo, et al., Phys. Rev. Lett. 118 (2017) 152502. doi:10.1103/
PhysRevLett.118.152502.
[22] K. Kato¯, T. Yamada, K. Ikeda, Prog. Theor. Phys. 101 (1999) 119. doi:
10.1143/PTP.101.119.
[23] N. K. Timofeyuk, R. C. Johnson, Phys. Rev. C 59 (1999) 1545. doi:
10.1103/PhysRevC.59.1545.
[24] Y. Kanada-En’yo, H. Horiuchi, Phys. Rev. C 66 (2002) 024305. doi:
10.1103/PhysRevC.66.024305.
[25] F. C. Barker, Nucl. Phys. A 741 (2004) 42. doi:10.1016/j.
nuclphysa.2004.06.001.
[26] G. Blanchon, A. Bonaccorso, D. Brink, N. V. Mau, Nuc. Phys. A 791
(2007) 303. doi:10.1016/j.nuclphysa.2007.04.014.
[27] S. Orrigo, H. Lenske, Phys. Lett. B 677 (2009) 214. doi:10.1016/j.
physletb.2009.05.024.
[28] H. Fortune, Phys. Lett. B 760 (2016) 577. doi:10.1016/j.physletb.
2016.07.033.
[29] F. Barranco, G. Potel, R. A. Broglia, E. Vigezzi, Phys. Rev. Lett. 119
(2017) 082501. doi:10.1103/PhysRevLett.119.082501.
[30] M. Vorabbi, et al., Phys. Rev. C 97 (2018) 034314. doi:10.1103/
PhysRevC.97.034314.
[31] M. Zinser, et al., Phys. Rev. Lett. 75 (1995) 1719. doi:10.1103/
PhysRevLett.75.1719.
[32] J. Casal, M. Go´mez-Ramos, A. M. Moro, Phys. Lett. B 767 (2017) 307.
doi:10.1016/j.physletb.2017.02.017.
[33] M. Go´mez-Ramos, J. Casal, A. M. Moro, Phys. Lett. B 772 (2017) 115.
doi:10.1016/j.physletb.2017.06.023.
[34] A. M. Moro, F. M. Nunes, Nuc. Phys. A 767 (2006) 138. doi:10.1016/
j.nuclphysa.2005.12.016.
[35] N. Austern, Y. Iseri, M. Kamimura, M. Kawai, G. Rawitscher, M. Yahiro,
Phys. Rep. 154 (1987) 125. doi:10.1016/0370-1573(87)90094-9.
[36] I. J. Thompson, Comp. Phys. Rep. 7 (1988) 167. doi:10.1016/
0167-7977(88)90005-6.
[37] E. Garrido, D. V. Fedorov, A. S. Jensen, Phys. Rev. C 68 (2003) 014002.
doi:10.1103/PhysRevC.68.014002.
[38] C. M. Perey, F. G. Perey, Atom. Data Nucl. Data 17 (1976) 1. doi:
10.1016/0092-640X(76)90007-3.
[39] A. J. Koning, J. P. Delaroche, Nucl. Phys. A 713 (2003) 231. doi:10.
1016/S0375-9474(02)01321-0.
[40] F. M. Nunes, I. J. Thompson, R. C. Johnson, Nucl. Phys. A 596 (1996)
171. doi:10.1016/0375-9474(95)00398-3.
[41] N. V. Mau, Nucl. Phys. A 592 (1995) 33. doi:10.1016/
0375-9474(95)00298-F.
[42] R. A. Broglia, F. Barranco, G. Colo, G. Gori, E. Vigezzi, P. F. Bortignon,
Eur. Phys. J. A 20 (2004) 81. doi:10.1140/epja/i2002-10326-y.
6
